Hemolin is the most abundant bacteria-induced proteins in Hyalophora cecropia hemolymph. Its structural features, both at the protein and gene level, ascribe this molecule to the immunoglobulin gene superfamily (IgSF) with particular homology to neural cell adhesion molecules. An increasing number of evidence suggest a role in immune recognition and in cell adhesion events. Hemolin is also developmentally regulated as suggested by changes in its concentration during larval and pupal ecdysis (Trenczek, T., 1998. Endogenous defense mechanisms of insects. Zoology 101, 298±315; Lanz-Mendoza, H., Faye, I., 1999. Physiological aspects of the immunoglobulin superfamily in invertebrates. Dev. Comp. Immunol. 23, 359±374). In the present study the expression of hemolin was investigated in oogenesis and in early embryogenesis. Our results reveal that hemolin is expressed in follicles and in epidermal and neural tissues of embryos. q
Earlier work on H. cecropia revealed hemolin in eye discs and neural tissues of developing pupae and in oviposited eggs (Bettencourt et al., 1997) . We therefore initiated the present study of hemolin expression during oogenesis and embryogenesis.
To investigate the presence of hemolin in ovaries, vitellogenic follicles were either prepared for whole-mount or cryostat section immunostainings. In whole-mount preparations, hemolin is visualized by immuno¯uorescence in the cytoplasm of nurse cells and in the yolk (Fig. 1A) . In cryosections, hemolin is detected throughout the oocyte cytoplasm and as stained rings surrounding the unstained yolk spheres. Notably, strong hemolin staining is detected in the chorion lining, between the follicle cells and the oocyte membrane (Fig. 1G ). In addition, hemolin mRNA was demonstrated by in situ hybridization in the follicle epithelium and in the nurse cells cap, the latter revealing a strong signal (Fig. 1D ,E, white arrows). Results from RT-PCR verify the presence of hemolin mRNA throughout vitellogenesis and choriogenesis (Fig. 4) .
Taken together, immunostainings, RT-PCR and in situ hybridizations show that hemolin is mainly cytoplasmic, indicating ovarian-speci®c origin similar to egg-speci®c yolk proteins found in Drosophila (Brennan et al., 1982) and in Bombyx (Ono et al., 1975) .
Hemolin protein and transcripts are also found in completely mature eggs, before and after fertilization. Both the embryo proper and yolk cells contain hemolin, the latter showing intense immuno¯uorescence (Fig. 2C) . The embryo reveals immunostaining in the proctodaeum (pr) and stomodaeum (not shown) as well as in the ectoderm (ect) and ventral neural tissue (nt) (Fig. 2G,H) . In a Western blot analysis hemolin (48 kDa) is visualized in unfertilized oviposited eggs and in yolk cells (Fig. 3) . In the embryo, a hemolin protein band of 60 kDa could be seen (Fig. 3 , lane 5). The slower mobility suggests post-translational modi®-cation in the embryo. By RT-PCR and sequencing, hemolin transcripts were demonstrated both in yolk cells and embryos (Fig. 4) .
We have demonstrated the presence of both hemolin protein and mRNA during oogenesis and early embryogenesis of H. cecropia. Our results constitute a basis for further investigations on the role of Hemolin gene product during development. Interestingly, another insect immune gene, Drosophila CecA1 encoding the potent antibacterial peptide cecropin A, was recently shown to be expressed in epidermis and yolk of embryos (O È nfelt et al., unpublished data) . It remains to be shown whether the expression of these genes is important for development, for protection of ovaria and embryo against infection, or both.
Methods

Sample preparations
Diapausing pupae of H. cecropia stored at 4±68C, were brought to 278C, 60% humidity and 12 h daylight until emergence of adults. Eggs were collected from cages containing mating adults, or solely females, at 24 h intervals. The eggshells were disrupted, embryos were separated from the yolk cells, rinsed in PBS and ®xed in 4% paraformaldehyde, rinsed again and kept at 48C, prior to immunohistology. Ovarioles from adult females were ®xed, rinsed and kept at 48C, or preserved in RNAlater solution (Ambion).
Immunodetections
Homogenates from embryo, yolk cells and unfertilized eggs were subjected to Western blotting analysis (Bettencourt et al., 1997) . Nitrocellulose membranes were incubated 4h with anti-hemolin IgG (1:2000) at room temperature, washed twice for 15 min in TBS containing 1% Tween 20, then incubated for 1 h with goat anti-rabbit IgG conjugated with alkaline phosphatase (AP).
Isolated yolk cells were washed three time in PBS, incubated 6 h with anti-hemolin IgG (1:100), 5% goat serum and 0.05% saponin in PBS, washed in PBS, and incubated 6h with goat anti-rabbit IgG conjugated with FITC (1:100), 5% Embryos, unfertilized eggs and follicles, were either prepared as for whole sample immunostaining or incubated in 20% glucose prior to cryo-sectioning. The immune staining, was as described above but all incubations and washes performed over night and goat anti-rabbit IgG was either conjugated with AP or peroxidase. Detection and visualization were according to standard procedures.
RNA detection
Reverse transcription was performed using the GeneAmp RNA PCR kit (Perkin Elmer) and cDNA ampli®cations were according to standard PCR protocols. The 686 and 400 bp products were cloned with the TOPO TA cloning Kit (Invitrogen). Termo Sequenase kit (Amersham Pharmacia Biotech) was used for sequencing under optimized thermocycling conditions. Electrophoretic analysis were performed with the ReproGele high-resolution polyacrylamide gels, ALFexpress II equipment and ALFwin Sequence Analyzer 2.00 software (Amersham Pharmacia Biotech).
The sequences were subjected to BLAST sequence similarity searches.
Vitellogenic follicles were analyzed for hemolin transcripts by in situ hybridization, according to Tautz (1996) with minor modi®cations. A 686 bp hemolin cDNA probe was obtained by PCR using a hemolin cDNA plasmid and speci®c primers S200 and AS886 and biotinylated with Biotin-High Prime (Boehringer Mannheim). After hybridization and washes, follicles were incubated with PBT containing streptavidin conjugated with AP (25 mg/ml) for 1 h, at room temperature and under agitation. After thorough washes with PBT and a ®nal wash with substrate buffer, detection was performed with the NBT/BCIP system. Control experiment was carried out using an unrelated PCR originated cDNA probe. , follicles with chorion (lanes 7±8) and vitellogenic follicles from germarium and vitellarium (lanes 9±10). The expected cDNA fragments of 686 and 400 bp were obtained with the Hemolin-speci®c primer pairs S200/AS886 and S800/AS1200, respectively.
